INTRODUCTION
Among major solid tumors, pancreatic cancer is well known for its poor prognosis. 1 Although surgical treatment is the treatment of choice for pancreatic cancer, only 20% of patients are candidates for curative resection. 2 Pancreatic cancer is considered to be resectable when the tumor is not in contact with major arteries (celiac axis, superior mesenteric artery, or common hepatic artery) or major veins (superior mesenteric vein or portal vein). If the patient has locally advanced, such as unresectable or borderline resectable, pancreatic cancer, chemotherapy or definitive or preoperative concurrent chemoradiotherapy (CCRT) is recommended, and the survival is much poorer than those with resectable tumors. 3 Thus, it is important to find the prognostic factors for patients with locally advanced pancreatic cancer and set an optimal treatment plan. Recently, the notion that the outcome of cancer patients is affected not only by tumor characteristics but also by host-related factors has gained much attention. Host factors such as age, sex, performance status, and inflammatory status have been identified as significant prognostic factors in many reports. [4] [5] [6] As it has become apparent that cancer-associated inflammation is a key determinant of disease progression and survival for cancer patients, there has been much interest in the relationship between patient prognosis and inflammatory hematologic markers. 7, 8 Among inflammatory hematologic markers, the neutrophil-lymphocyte ratio (NLR) and the platelet-lymphocyte ratio (PLR) are well-known hematologic markers, and studies have suggested that NLR and PLR are associated with the outcome of cancer patients. 5, 7 Although there are many studies reporting the significance of NLR and PLR as prognostic factors in pancreatic cancer, almost none have shown the efficacy of NLR and PLR in patients with locally advanced pancreatic cancer receiving CCRT. associated with the survival outcomes of patients with locally advanced pancreatic cancer treated with CCRT.
MATERIALS AND METHODS

Patients
We retrospectively examined the medical records of patients with locally advanced pancreatic cancer who had undergone neoadjuvant or definitive CCRT from January 2005 to December 2015. All patients who had previously received any other treatment, patients who had been diagnosed with a double primary malignancy, patients with distant metastasis at diagnosis, patients who had received RT alone or under 20 Gy, patients with no follow-up imaging, and patients with a neuroendocrine tumor were excluded. Finally, 497 patients were included in the analysis. We retrospectively collected and analyzed patient data, including clinical and laboratory information including white blood cell differential counts and platelet counts. The NLR was calculated by dividing the neutrophil count by the lymphocyte count, and the PLR was calculated by dividing the platelet count by the lymphocyte count. All NLR and PLR values were measured before the start of treatment within 2 weeks. The resectability of pancreatic tumors was determined based on imaging studies including computed tomography (CT) and magnetic resonance imaging (MRI).
The study was approved by the Institutional Review Board of Severance Hospital (IRB No. 2017-3183-01) and performed in accordance with the principles of the Declaration of Helsinki. The informed consent was waived for this retrospective study.
Treatment
All patients included in this study received initial preoperative or definitive CCRT.
For RT, CT simulation was performed with intravenous contrast and four-dimensional CT when possible, and respiration training was done to minimize the respiration motion. The primary tumor and involved lymph nodes were set as the gross tumor volume (GTV). The internal target volume (ITV) was delineated when possible, and the planning target volume (PTV) was defined as the GTV or ITV plus a 5-mm margin. A total of 281 patients (56.5%) received three-dimensional conformal RT (3DCRT), and the remaining 216 patients (43.5%) received intensity-modulated radiotherapy (IMRT). The most commonly used dose scheme was 50.4 Gy in 28 patients for 3DCRT patients and 58.42 Gy in 23 fractions for IMRT patients.
For chemotherapy, various chemotherapy regimens were used: (1) 
Response assessment
Routine follow-up was performed at 1 and 3 months after CCRT and routinely after that. The Response Evaluation Criteria in Solid Tumors were used to evaluate the treatment response. The progression of the disease was observed based on imaging studies such as CT or MRI. The recurrence of tumor, increased size of primary tumor, or development of regional or distant metastasis was defined as progression.
Statistical analysis
The primary endpoint of our study was overall survival (OS), and the secondary endpoints were progression-free survival (PFS), local failure-free rate (LFFR), and distant failure-free rate (DFFR). All endpoints were calculated from the first date of treatment to the date of the event. The Kaplan-Meier methods and log-rank test were used to calculate the cumulative probabilities of OS, PFS, LFFR, and DFFR. Univariate and multivariate analyses were performed using the Cox proportional hazards model. Multivariate analysis was performed using the statistically significant factors proven using univariate analysis. The SPSS version 23.0 (IBM Corp., Armonk, NY, USA) was used for all analyses.
RESULTS
Patient and tumor characteristics
Patient and tumor characteristics are shown in Table 1 . We divided the patients into groups based on receiver operating characteristics value for the pretreatment NLR and the median value for PLR. The value of NLR and PLR before treatment were 1.89 and 149 respectively. For the two groups divided by the receiver operating characteristics value of NLR, characteristics such as age, sex, Eastern Cooperative Oncology Group (ECOG) status, pathology, tumor stage (T stage), node stage (N stage), chemotherapy regimen, resectability and RT dose did not show significant difference between the two groups. However, there were more patients with tumor size >3.1 cm and less patients with pancreatic head tumor in the higher NLR group. Regarding the two groups divided by the median value of PLR, most patient and tumor characteristics did not differ, except for the subsite and T stage. More patients had a pancreas head tumor in the higher PLR group. However, more patients had T4 stage disease in the lower PLR group.
Overall survival
The median follow-up was 19.3 months (range, 4.8 to 128.5 months). The median OS was 15.7 months. The OS was significantly lower in the NLR 1.89 group than the NLR <1.89 group (Fig. 1A) . The 1-year OS rates were 73.2% and 60.8% for NLR <1.89 and NLR 1.89 groups, respectively (p<0.001). The OS also showed a significant difference when the patients were divided by the median PLR value (Fig. 1B) . The 1-year OS rates were 68.1% and 61.3% for PLR <149 and PLR 149 groups, respectively (p=0.029). We divided the patients into three groups according to both the NLR and PLR. Group A included patients with both low NLR and low PLR (n=113), group B included patients with either high NLR or high PLR (n=178), and group C included patients with both high NLR and high PLR (n=206). The 1-year OS rates showed difference between the three groups: 73.3%, 65.9%, and 58.9% for groups A, B, and C, respectively (p=0.001) (Fig. 1C) . Although the OS rates were not significantly different between groups A and B, the OS rate of group C was significantly lower than those of groups A and B.
As shown in Tables 2-4 , univariate analysis for OS showed that age, sex, ECOG status, tumor size, resectability, CA 19-9 level, NLR, PLR, and grouping of NLR and PLR were significant prognostic factors. Multivariate analysis was also performed and tumor size >3.1 cm (HR, 1.35; 95% CI, 1.09 to 1.66; p=0.005), CA 19-9 >304.5 U/mL (HR, 1.32; 95% CI, 1.08 to 1.61; p=0.006), NLR 1.89 (HR, 1.40; 95% CI, 1.12 to 1.75; p=0.003) and PLR 149 (HR, 1.35; 95% CI, 1.11 to 1.65; p=0.003) proved to be significant adverse factors for OS. The significant beneficial factors for OS were ECOG score 0 (HR, 0.40; 95% CI, 0.19 to 0.84; p=0.016) and ECOG score 1 (HR, 0.48; 95% CI, 0.24 to 0.98; p=0.046) compared with ECOG score 2 and borderline resectable tumor (HR, 0.62; 95% CI, 0.47 to 0.81; p<0.001). In addition, both lower NLR and lower PLR compared with both higher NLR and higher LR (HR, 0.62; 95% CI, 0.47 to 0.81; p=0.001) and either higher NLR or higher PLR compared with both higher values (HR, 0.73; 95% CI, 0.58 to 0.91; p=0.007) proved to be beneficial factors for OS.
We additionally analyzed the 1-year OS rates of different subgroups. Overall, 105 patients (21.1%) had undergone surgery after CCRT. Fifty-two patients (13.8%) in the unresectable group and 53 (44.5%) in the borderline resectable group had undergone surgery. The 1-year OS rates were 87.4% for the surgery group and 58.2% for the non-surgery group, respectively (p<0.001).
Progression-free survival
The PFS showed a significant difference between the groups divided by NLR and PLR values. The 1-year PFS rates were 43.9% and 31.3% for NLR <1.89 and NLR 1.89 groups, respectively (p<0.001) (Fig. 2A) . For PLR, the 1-year PFS rates were 37.9% and 32.5% for PLR <149 and PLR 149 groups, respectively (p=0.027) (Fig. 2B) . We also examined the PFS for groups A, B, and C, with similar results as those for OS. The 1-year PFS rates for groups A, B, and C were 41.7%, 38.5%, and 29%, respectively (p<0.001) (Fig. 2C) . Although there was no significant difference in PFS between groups A and B, the PFS rate of group C was significantly lower than those of groups A and B.
On univariate analysis, sex, tumor size, CA 19-9 level, NLR, PLR, and grouping of NLR and PLR proved to be significant prognostic factors for PFS ( 
Local failure-free rate and distant failure-free rate
When the patients were divided into two groups according to NLR, there was a significant difference for both LFFR and DFFR. The 1-year LFFR was 56.9% and 42.4% (p=0.03) and the 1-year DFFR was 539.2% and 44.0% (p=0.001) for NLR <1.89 and NLR 1.89 groups, respectively (Fig. 3) . When the patients were divided by a PLR value of 149, there was no significant difference in either LFFR or DFFR. The 1-year LFFR was 50.2% and 43.4% (p=0.096) and the 1-year DFFR was 52.7% and 45.1% (p=0.102) for PLR <149 and PLR 149 groups, respectively (Fig. 4) .
DISCUSSION
It is well known that tumor characteristics such as tumor size, tumor stage, and CA 19-9 level are considered meaningful factors to predict a pancreatic cancer patient's prognosis. 14, 15 Recently, other studies have suggested that inflammation is associated with a poor prognosis in cancer patients. 16, 17 This study aimed to investigate the role of NLR and PLR in predicting the prognosis of patients with locally advanced pancreatic cancer who had undergone preoperative or definitive CCRT. Our results showed that patients with high NLR or PLR showed worse OS and PFS than those with lower NLR or PLR. When both values were taken into consideration, the group with both high NLR and high PLR showed the worst OS and PFS. Many previous reports have shown the prognostic value of NLR and PLR and their significance as prognostic markers is becoming increasingly important. For example, a study with 403 advanced pancreatic cancer patients reported that NLR 3.1 was a significant adverse factor for OS. 18 Another study showed that NLR 3.3 was a negative factor for 67 elderly patients with unresectable pancreatic cancer, and other studies have shown NLR >5, NLR 2.551, and NLR 2.0 as significant prognostic values for OS. 7, 9, 11, [19] [20] [21] PLR 126 was an important prognostic factor in a study involving 321 locally advanced and metastatic pancreatic cancer patients. 4 Other studies have shown PLR 208.1, PLR 200, and PLR >150 to be significant prognostic markers. 7, 9, 13 Although reports concerning PLR are less common in pancreatic cancer than those relating to NLR, it has been reported to be a prognostic factor in many other malignancies. 22, 23 In our study, both NLR and PLR proved to be a useful prognostic factor for both OS and PFS. Currently, there is no consensus on the cutoff value of NLR and PLR, and thus, various cutoff values were used in previous studies. In some studies, the receiver operating characteristic curve was used for determining the cutoff value, and in some studies, median values were used. 4, 9, 18, 21, 24 Some other studies have used cutoff values of 5 for NLR and 150 for PLR. 13, 19, 25, 26 Our study set the cutoff values of NLR and PLR using their median values.
In this study, we additionally analyzed OS and PFS taking both NLR and PLR into consideration. The group of patients with both high NLR and high PLR showed the worst OS and PFS. To the best of our knowledge, this is the first study to incorporate both values into the analysis, and these results may aid in adequately determining the prognosis in patients with locally advanced pancreatic cancer.
Currently, the mechanisms responsible for high NLR and PLR being related to poor outcomes of cancer patients are not entirely understood. What is known is that inflammation status promotes tumor proliferation and helps the survival of the malignant tumor. 27 Furthermore, factors related to inflammation stimulate angiogenesis of the malignant tumor, invasion, and metastasis. 28 As NLR and PLR represent the inflammation status of the host, a high NLR and PLR can be related to a poor prognosis for cancer patients. A high NLR represents both an elevated level of neutrophils and a decreased level of lymphocytes. Lymphocytes are known to mediate the anti-tumor response and neutrophils are known to release cytokines, such as interleukins-1 and -6, and tumor necrosis factor, which promote cancer growth, angiogenesis, and metastasis. 29 Therefore, a high NLR, in which a decreased lymphocyte count can be connected to a decreased immune response, and an elevated neutrophil count, which can be related to tumor progression, has the potential to be a significant adverse prognostic factor for cancer patients.
There are several limitations in our study. First, as this is a retrospective study, the heterogeneity of the patients and treatment may have affected the results. Second, although neutrophil and lymphocyte counts can be influenced by infection, drugs, or other factors, we did not consider these factors, which may have biased the results. However, beyond these limitations, this study also has several strengths. Although there are many reports on inflammation and prognosis, the number of patients included in this study is one of the largest in a single institution. In addition, only the patients who received preoperative or definitive CCRT as initial treatment in our institution were included, which may have reduced some bias. Furthermore, NLR or PLR can be easily measured using peripheral blood samples, which is excellent for its usefulness as a prognostic marker.
In summary, this study showed that higher NLR or PLR is related to poor OS and PFS and high NLR is related to poor LFFR and DFFR. Furthermore, when both NLR and PLR values were high, the results were the worst for OS and PFS. Based on these results, parameters showing systemic inflammation such as NLR and PLR can be useful markers for predicting the prognosis for advanced pancreatic cancer patients. Further studies will be needed to validate the usefulness and effectiveness of these inflammatory markers in advanced pancreatic cancer patients.
CONFLICTS OF INTEREST
No potential conflict of interest relevant to this article was reported.
